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Özet

Amaç: Bu çalışmada cerrahi sonrası kemoradyoterapi uygulanan rektum kan-

serli hastalarda prognostik nutrisyonel indeks (PNI) değerinin sağkalım üze-

rine etkisi araştırıldı. Gereç ve Yöntem: Çalışmaya adjuvan kemoradyoterapi 

alan 65 hasta alındı. Hastalara 5040 cGy radyoterapi ve eşzamanlı 5-FUFA 

kemoterapisi uygulandı. Hastalar ROC analizine göre  ≤46 düşük grup, 46< 

yüksek grup olarak 2 gruba ayrıldı. Gruplar arası sağkalım farkı log rank tes-

ti ile hesaplandı. Tek değişkenli ve çok değişkenli faktörlerin sağkalıma et-

kisi cox regresyon analizi kullanarak hesaplandı. Bulgular: Hastaların 22’si  

(%33,8) kadın 43’ü (%66,2) erkekti. NPI düşük grupta 28 (%43,1), yüksek 

grupta 37 (%56,9) hasta vardı. Kaplan-meier analizine göre PNI düşük grupta 

ortalama sağkalım 59 (%95 GA:44.95-73.08) ay iken yüksek grupta 80 (%95 

GA:66.53-94.82) aydı (p=0.036). 5 yıllık sağkalım PNI düşük grupta %49, yük-

sek grupta %65 olarak bulundu. Tek değişkenli analizde T evre, N evre, tümör 

çapı ve PNI genel sağkalım üzerinde etkili idi (p<0.05). Çok değişkenli Cox 

regresyon analizinde T evre (p=0.014), tümör çapı (p=0.023) ve PNI (p=0.045) 

diğer değişkenlerden bağımsız olarak genel sağkalım üzerine etki eden prog-

nostik faktörler olarak bulundu. Tartışma: Çalışma sonucunda radyoterapi ön-

cesi PNI değeri rektum kanseri için kötü prognostik faktör olarak bulundu.

Anahtar Kelimeler

Prognostik Nutrisyonel İndeks; Radyoterapi; Rektum Kanseri

Abstract
Aim: The aim of this study was to examine the effect of the prognostic nu-
tritional index (PNI) value on survival in patients with rectum cancer who 
received postoperative chemoradiotherapy. Material and Method: The study 
included 65 patients who received adjuvant chemoradiotherapy. Radiother-
apy of 5040 cGy and simultaneous 5-FUFA chemotherapy was given to the 
patients. The patients were divided into two groups as PNI ≤46 and PNI 
>46 according to the ROC analysis. The differences in survival between the 
groups were calculated using the log rank test. The univariate and multivari-
ate hazard ratios were calculated using the Cox proportional hazard model.
Results: The patients included 22 (33.8%) females and 43 (66.2%) males. 
The low PNI group comprised 28 (43.1%) patients and the high PNI group, 
37 (56.9%). According to the Kaplan-Meier analysis, mean survival was 59 
months (95% CI; range, 44.95-73.08 months) in the low PNI group and 80 
months (95% CI; range 66.53- 94.82 months) in the high PNI group. The 
5-year survival rate was 49% in the low PNI group and 65% in the high PNI 
group. In the univariate analysis, T stage, N stage, tumor diameter, and PNI 
had an effect on overall survival (p<0.05). In the multivariate Cox regression 
analysis, T stage (p=0.014), tumor diameter (p=0.023), and PNI (p=0.045) 
were found to be prognostic factors affecting overall survival, independent 
of the other variables. Discussion: The results of the study showed that the 
PNI value before radiotherapy is a poor prognostic factor for rectum cancer.
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Introduction 
Colorectal cancers are the third most frequently seen cancers 
in both males and females [1]. Although they are the same or-
gan, normal colon and rectum tissue are different structures 
embryologically, histologically, and functionally. Similarly, rec-
tum cancers demonstrate some differences from colon cancers 
and have a worse prognosis [2]. The most important prognostic 
factors in rectum cancer are the degree of bowel wall penetra-
tion by the tumor, lymph node involvement, and the presence 
of distant metastasis. Tumor differentiation shows an effect on 
survival by increasing the risk of lymph node metastasis which 
is related to increased lymphovascular invasion [3]. Circumfer-
ential tumors, tumors with deep central ulceration, and fixed 
tumors have a worse prognosis compared to those that do not 
have these properties.
In the prognosis of rectum cancer, it is necessary to evaluate 
not only the prognostic indicators associated with the tumor 
but also patient-related factors. Although age, gender, and 
ethnicity are slightly related with survival, they can affect the 
choice of treatment [4].
Determination of cancer prognosis through nutritional and 
immunological status of the patients has been emphasized 
recently. PNI is a marker calculated from the serum albumin 
and lymphocyte count values in the peripheral blood that shows 
the preoperative nutritional and immunological status of the 
patient. It was first described by Buzby et al. to evaluate the 
risks of surgery to the gastrointestinal system [5]. Onedera et 
al. then evaluated the effect of PNI in cancer patients and a cor-
relation was determined between low PNI and poor survival [6]. 
As a result of subsequent studies, it was shown to be a simple 
and effective method that could be used preoperatively to de-
termine the optimum medical treatment, define the most ap-
propriate time for surgery,and to predict cancer prognosis [7].
The PNI value has been examined before curative or palliative 
surgery in colorectal cancers, but the prognostic importance 
of the value before adjuvant radiotherapy is not known. In this 
study, the PNI values were examined in patients undergoing ad-
juvant chemoradiotherapy because of rectum cancer, which is 
different from colon cancer in respect to treatment and sur-
vival. To the best of our knowledge, this is the first study to 
evaluate the effect of PNI value before chemoradiotherapy on 
disease-free survival and overall survival in surgically treated 
rectum cancers.

Material and Method
Patients
This retrospective study included patients who underwent sur-
gery because of rectum cancer between January 2007 and De-
cember 2011 and received adjuvant chemoradiotherapy. The 
clinical, pathological, and blood sample data of the patients 
were obtained retrospectively from the hospital records. Pa-
tients without survival data or serum albumin and lymphocyte 
values, those receiving radiotherapy <50Gy, those who could 
not receive chemotherapy, those having secondary malignancy, 
and those receiving neoadjuvant chemoradiotherapy were ex-
cluded from the study. After the application of the exclusion 
criteria, a total of 65 patients were included in the study. 
TNM classification was determined according to the AJCC. All 

the patients were administered 5040 Gy radiotherapy and, si-
multaneously, two cycles 425mg/m2 fluorouracil with 20 mg/m2 
folinic acid chemotherapy. After the radiotherapy, the patients 
were followed up at 3-month intervals for the first two years, 
then every six months up to five years and annually thereafter. 
Adjuvant chemotherapy was continued after the chemoradio-
therapy. All the blood samples were taken before the chemora-
diotherapy was started. The PNI value was calculated using the 
formula of 10 x serum albumin +0.005 x total lymphocyte count. 
This study was approved by the Local Ethics Committee.

Statistical analysis
For the statistical analyses of the study data, SPSS version 20.0 
(IBM; SPSS Inc. Chicago, IL) software was used. Data were ex-
pressed as frequency, percentage, mean± standard deviation, 
and median (min-max). A value of p<0.05 was accepted as sta-
tistically significant.
ROC analysis was applied to determine the best predictive val-
ue of PNI for 5-year survival. The cutoff value was determined 
as 46 with 70% sensitivity and 57% specificity (Figure 1). The 

area under the curve was 0.632. The patients were separated 
into two groups, as low PNI ≤46 and high PNI >46. The Chi-
square test was used to compare the low PNI group and the 
high PNI group with respect to age, gender, T stage, N stage, 
stage, grade, perineural invasion, lymphovascular invasion, and 
tumor diameter. 
The differences in survival between the groups were calculated 
with the log rank test. The survival curves were created using 
the Kaplan-Meier method. The univariate and multivariate haz-
ard ratios were calculated using the Cox proportional hazard 
model. Significant values in the univariate Cox regression anal-
ysis were included in the multivariate analysis. 

Results
The patients included 22 (33.8%) females and 43 (66.2%) males 
with a median age of 63 years (range, 28-81 years). The low 
PNI group comprised 28 (43.1%) patients and the high PNI 

Figure 1. Receiver operating characteristic (ROC) curve analysis for the prognostic 
nutritional index. 
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group, 37 (56.9%). The median follow-up period was 58 months 
(range, 4-112 months).  The median overall survival (OS) rate 
was 92 months (95% CI; range, 61-122 months). The disease-
free survival (DFS) rate was 90 months (95% CI; range, 55-124 
months). At the end of the follow-up period, 31 (47.7%) patients 
had died, and 32 (49.2%) patients had developed local recur-
rence and/or distant metastasis. 
A statistically significant relationship was determined between 
PNI and advanced age (p=0.04). No statistically significant re-
lationship was determined between PNI and gender, T stage, 
N stage, perineural invasion, lymphovascular invasion, tumor 
diameter, or grade (Table 1). 

In the Kaplan-Meier analysis, the T stage (p=0.019), N stage 
(p=0.26), grade (p=0.005), PNI (p=0.028), and tumor diameter 
(p=0.018) of the clinicopathological features were determined 
to have an effect on OS. The DFS rate was found to be affected 
by the T stage (p=0.021), N stage (p=0.007), stage (p=0.019), 
perineural invasion (p=0.011), grade (p=0.008), and tumor di-
ameter (p=0.035).

According to the Kaplan-Meier analysis, OS was median 54 
months (95% CI; range, 26-81 months) in the low PNI group, 
and while the median OS could not be calculated in the high PNI 
group, the mean value was 81±14 months (95% CI; range 67-
95 months) (p=0.028, Figure 2). The 5-year OS rate was 49% in 

the low PNI group and 65% in the high PNI group. The 9-year 
OS rate was 20% in the low PNI group and 58% in the high PNI 
group. The DFS was determined as 41 months (95% CI; range, 
1-101 months) in the low PNI group and the median DFS was 
calculated as 74±15 months (95% CI; range, 59-89 months) in 
the high PNI group. The 5-year DFS was found to be 45% in the 
low PNI group and 64% in the high PNI group. The 9-year DFS 
rates were 26% in the low PNI group and 52% in the high PNI 
group. Although the DFS was correlated with high PNI, it was 
not statistically significant (p=0.114). 
In the univariate Cox regression analysis, T stage, N stage, tu-
mor diameter, and PNI were found to have a statistically sig-
nificant effect on overall survival (p<0.05). In the multivariate 
Cox regression analysis, T stage (p=0.014), tumor diameter 
(p=0.023), and PNI (p=0.045) were found to be prognostic fac-
tors affecting overall survival, independent of the other vari-
ables. The factors affecting OS and DFS in the Cox regression 
analysis are shown in Table 2 and Table 3. 

Discussion
In the tumor environment, inflammation is a key element and 

Table 1. Clinical and pathological characteristics of the patients according to 
prognostic nutritional index groups

Variable Low PNI grup n (%) High PNI grup n (%) p

28 (43.1) 37(56.9)

Age 0.040

≤65 11 (39.3) 24 (64.9)

>65 17 (60.7) 13 (35.1)

Gender 0.060

Female 6 (21.4) 16(43.2)

Male 22(78.6) 21(56.8)

T Status 0.394

T2 3 (10.7) 8(22.9)

T3 21 (75.0) 24(68.6)

T4 4(14.3) 3(8.6)

N Status 0.785

N0 17(60.7) 20(58.8)

N1 4(14.3) 7(20.6)

N2 7(25.0) 7(20.6)

Stage 0.854

I 3(10.7) 5(14.7)

II 14(50.0) 15(44.1)

III 11(39.3) 14(41.2)

Perineural invasion 0.985

Absence 17(65.4) 21(65.6)

Presence 9(34.6) 11(34.4)

Lymphovascular 
invasion 

0.917

Absence 20(76.9) 25(75.8)

Presence 6(23.1) 8(24.2)

Grade 0.196

1 5(23.8) 7(23.3)

2 11(52.4) 21(70.0)

3 5(23.8) 2(6.7)

Tumor size 0.975

≤5cm 16(57.1) 21(56.8)

 >5cm 12(42.9) 16(43.7)

Figure 2. Median overall survival curve (p=0.028) and disease survival curve 
(p=0.114) according to low and high Prognostic nutritional index groups in Ka-
plan-Meier analysis 

Table 2. Univariate and Multivariate Cox Regression Analysis According to Risk 
Factors for Overall Survival

Univariate analysis Multivariate analysis

Variable HR (95% CI) p HR (95% CI) p

Age (≤65 / >65) 1.46(0.72-2.96) 0.294 - -

Sex (Female/Male) 0.96(0.45-2.05) 0.934 - -

T Status (T2 vs.T4) 2.11(1.04-4.28) 0.038 5.12 (1.36-19.29) 0.016

N Status (N0/N1/N2) 1.68(1.09-2.60) 0.010 2.08 (0.76-5.68) 0.151 

Stage (I/II/III) 1.67(0.94-2.97) 0.076 - -

Perineural invasion
 (Absence/Presence)

1.85(0.88-3.91) 0.103 - -

Lymphovascular 
invasion 
(Absence/Presence)

1.24(0.54-2.83) 0.599 - -

Grade (1/2/3) 1.78(0.84-3.78) 0.131 - -

Tumor size 
(≤5cm/ >5cm)

2.18(1.06-4.47) 0.032 2.59(1.21-5.53) 0.014

Prognostic nutritional 
index (≤46 / >46)

0.45(0.22-0.93) 0.032 0.39(0.18-0.84) 0.017
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plays a significant role in tumor development, metastasis, 
and response to treatment [8]. It is known that systemic in-
flammation raises the level of C-reactive protein and changes 
the relative proportion of white blood cells, thereby elevating 
the neutrophil count and decreasing the lymphocyte count [9, 
10]. Lymphopenia is often observed in cancer patients at an 
advanced stage, and the reduced lymphocyte count is strongly 
associated with a poor prognosis of progression-free survival 
and OS in advanced cancer patients [11]. Kitayama et al. [12] 
found a correlation between the lymphocyte value measured in 
peripheral blood and better tumor response in non-metastatic 
rectum cancer treated with neoadjuvant chemoradiotherapy. 
A previous study of Stage III CRC patients showed better OS 
and DFS in patients with high lymphocyte levels that had infil-
trated the tumor micro-environment compared to patients with 
low levels [13]. A correlation was also shown in nasopharynx 
cancer patients between low percentage of lymphocyte and 
poor survival [14]. In addition to albumin being a good marker 
showing the nutritional status of the patient, it has recently 
been used as a marker of inflammatory response. Heys et al. 
[15] first determined a relationship between hypoalbuminemia 
and increased risk of mortality in a study of 431 patients with 
localized colorectal cancer. Current studies of colorectal can-
cer patients have shown a linear relationship between serum 
albumin level and postoperative morbidity and mortality [16]. 
On the basis of these studies, it can be said that there is a 
close correlation between low albumin and lymphocyte values 
and poor cancer survival. Therefore, to predict the prognosis of 
patients, scoring scales have been developed that include the 
albumin and lymphocyte values such as the Glasgow Prognostic 
Score, the neutrophil-lymphocyte ratio, platelet-lymphocyte ra-
tio, lymphocyte-monocyte ratio, and PNI.
PNI is a simple, cost-effective, and well-validated tool that is 
calculated from the serum albumin and total lymphocyte count 
to show the immuno-nutritional status of patients. It was first 
used by Onedera et al. [6] to determine the nutritional status 
of patients who had undergone surgery for gastrointestinal 
cancer. Although a cutoff value of 45 for PNI is accepted as 
malnutrition, some authors have defined a cutoff value of 40 

based on the study of Onedera et al. and others have used dif-
ferent cutoff values of 44.7, 48, and 44.6. In the current study, 
the cutoff value was defined as 46 using ROC curve analysis as 
in the study by Jiang et al. [17].
In a study of 219 CRC patients, Nozoe et. al. [18] showed an in-
crease in depth of tumor invasion and, accordingly, an increased 
tumor stage with low PNI. Although there was a relationship be-
tween low PNI and advanced age, which was close to statistical 
significance (p=0.06), no relationship was determined between 
gender, lymph node metastasis, lymphatic permeation, venous 
invasion, and PNI, which is consistent with the findings of the 
current study. When the survival analysis was examined, tumor 
stage, PNI, and venous invasion had an effect on survival, inde-
pendent of other factors.
Mohri et al. [19] determined that low PNI was a poor prognos-
tic factor for postoperative complications and OS, especially 
in Stage II-III CRC. However, this correlation was not seen at 
Stage IV. As Stage IV disease was not included in the current 
study, the conclusion was reached of a correlation between low 
PNI and poor OS in locally advanced disease. Furthermore, in 
the Mohri et al. study, low PNI was more often seen in patients 
aged over 65 years, with large tumor size, and a higher TNM 
stage. In the current study, low PNI was also seen more often in 
patients over 65 years of age, but there was no correlation with 
tumor size and stage. These results are supported by a large 
cohort study that showed that rates of low PNI increased at an 
advanced age and, in contrast to Stage IV, reduced survival at 
Stages II-III [20].
In the current study, no relationship was found between tumor 
diameter, T stage, and N stage in the postoperative pathol-
ogy evaluation; this is thought to be due to the absence of a 
tumor. However, low PNI was still correlated with poor OS. This 
result can be explained by the relationship of the low PNI in the 
preoperative period with the tumor-systemic immune/inflam-
matory response, as it has been suggested that a larger volume 
of tumor cells leads to higher production of proinflammatory 
cytokines, which in turn suppresses the hepatic production of 
albumin [16, 21].
The PNI in the postoperative period can have a negative effect 
on OS through different routes such as impaired nutrition, nutri-
tional or inflammatory changes that can develop after surgery, 
or patient tolerance to adjuvant treatments. Previous studies 
have shown that malnutrition has weakened the immune sys-
tem, lowered the response to chemotherapy, and consequently 
has caused poor survival [22, 23]. In addition to these factors, 
albumin itself may increase the efficacy of associated chemo-
therapeutic drugs [24]. Therefore, the PNI value must initially be 
calculated before CRT, and nutritional support must be consid-
ered for patients with low albumin and PNI levels. 
In conclusion, in contrast to studies where the PNI value was 
examined preoperatively in patients with colorectal cancer, the 
PNI value before radiotherapy in patients undergoing postop-
erative adjuvant chemoradiotherapy because of rectum cancer 
was found to be a poor prognostic factor. However, as this was 
the first study and was retrospective, further prospective stud-
ies with a high number of patients are needed to better clarify 
this subject.

Table 3. Univariate and Multivariate Cox Regression Analysis According to Risk 
Factors for Disease-free survival 

Variable Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

Age (≤65 / >65) 1.24(0.62-2.48) 0.542            -    -

Sex (Female/Male) 0.734(0.35-1.50) 0.399            -    -

T Status (T2vs.T4) 3.38(1.04-10.94) 0.042 4.77(1.19-19.10) 0.027

N Status (N0/N1/N2) 3.48(1.51-8.01) 0.003 0.786(0.25-2.38) 0.670

Stage (I/II/III) 1.91(1.07-3.40) 0.028 2.32(0.21-24.93) 0.485

Perineural invasion 
(Absence /Presence)

2.48(1.19-5.16) 0.014 2.94(1.36-6.36) 0.006

Lymphovascular 
invasion 
(Absence /Presence)

1.19(0.53-2.70) 0.665               -     -

Grade (1/2 /3)  1.78(0.85-3.72) 0.126               -     -

Prognostic 
nutritional index 
(Low /High)

0.57(0.28-1.15) 0.121               -     -

Tumor size 
(≤5cm/ >5cm)

2.08(1.03-4.20) 0.040 2.25(1.03-4.88) 0.040
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